Yields and Daily Consumption
of Cigarettes in Japan in Hajime Sato and Shunichi Araki The health hazards of smoking have been known for decades, yet many countries have found it difficult to control smoking 1.2). Japan has had, and continues to have, one of the highest rates of smoking prevalence among the industrialized countries. In 1950, smoking prevalence among those over 19 years old was 81.8% among males and 13.4% among females. Since then, smoking among males has been on a continuous downward trend, falling to 59.8% in 1993, while it has increased slightly among females, to 13.8% 3). On the other hand, Japan has increasing incidences of smoking-related diseases over the same period. In 1990, lung cancer, for example, became the second most frequent malignancy both among males and females; mortality rates from lung cancer were 44.3/100,000 among males and 15.4/100,000 among females.
Then, in 1993, it became the most frequent cause of death due to malignancy for adult males in Japan (14,981 deaths from lung cancer in 1993) 3, 4) Among the causal agents of smoking hazards, nicotine and tar have been known as hazardous since the 1950s, to which have been added through the years carbon monoxide, thiocyanate and various other alkaloids 5, 6) . Together with other socio-psychological factors, nicotine, a potent psychoactive drug, plays a central role in smoking motivation and its maintenance 7-9). At the same time, it is associated with various heart diseases 6). On the other hand, tar, the particulate component of tobacco smoke, affects the sensory aspects of the habit and is believed to have the carcinogenic activity. A series of studies disclosed that tar has a dose-response relationship with lung cancer incidences l0-l2).
While a decrease in the numbers of smokers is quite important for the health of a whole population, the intake of these substances from tobacco products is also the important factor affecting the disease incidences among recalcitrant smokers.
Therefore, since early reports published in the UK and the US, reduction of these substances has been argued by some as a possible measure to decrease the hazardous effects of smoking 13, 14) . Since knowledge about the hazardous substances in cigarettes became widespread as a result of the efforts of health advocacy institutions and mass media, ciga-to cling to their habits by switching to low yield (5 mg tar)
products. As a consequence, the yields of various tobacco products, such as tar, nicotine and carbon monoxide, have been gradually declining in several countries 15). This study first examines the modification of cigarette products in Japan, specifically the trend toward reduction of their tar and nicotine yields, and the changes in smokers' daily consumption between 1969 and 1996. The relationship between nicotine yields and consumption is analyzed from these longitudinal cross-sectional data. Although many believe that low yield cigarettes might be safer than the higher ones 16), the clinical meaning of machine-measured yields remains controversial. Various methods of compensation for nicotine reduction, individual differences in smoking patterns, and socio-psychological factors affecting smokers' behaviors can affect the actual physical intake of many substances during smoking. The paper discusses the possible implications of cigarette yield changes and addresses the important research topics for many countries.
MATERIALS AND METHODS
Data were collected from the Japan Public Monopoly Corporation (JPMC), the public tobacco monopoly until its privatization in 1985, now known as Japan Tobacco Incorporated (JT) and the only tobacco manufacturer in Japan, archives specifically with regard to the cigarette yields of tar and nicotine (TN) and the numbers of cigarettes consumed by smokers. Since 1968, TN yields have been measured using the US Federal Trade Commission (FTC) method, first by the JPMC and its affiliated institutions 17), and since 1986 by the Tobacco Institute of Japan: TN are measured by the smoking machines, which have the designated specifications of the puff length (1 second per minute), puff volume (35 ml) and smoked length (to 3 mm from the filter overwrap) 18). These yields have been publicized voluntarily every year since 1969 19) . In 1989, part of the Tobacco Enterprise Law was amended and the disclosure of the TN yields of cigarettes became mandated by the law. Apart from those disclosure, the JPMC and JT (JPMC/JT) have conducted marketing surveys on smoking prevalence and on the daily cigarette consumption by smokers (the adults who smoke cigarettes either habitually or occasionally). They have been annual nationwide surveys targeting those over the age of 19 with the sample sizes of 16,000 18). In addition to the industry records on TN yields, this study used the results of these surveys as published in the government report 3).
To examine time trends, the sales-weighted yields of TN and the average numbers of cigarettes consumed were plotted over time. To explore the relationship between the nicotine yields of cigarettes and their consumption, Pearson's correlation coefficients were calculated between them. Then, linear regression analysis was conducted with the average daily consumption as a dependent variable and the sales-weighted average nicotine yield and the real cigarette price as independent variables, for both male and female smokers. Real cigarette prices were calculated as the average cigarette prices deflated by the wage indices. Their ratios to the 1995 price were put into models.
Both the average cigarette prices and the wage indices were obtained from the government reports 20,21).
RESULTS
The sales-weighted average yields of nicotine and tar have gradually decreased since 1969 (Fig. 1) . The average tar yields were 20.7 mg in 1969 and 8.7 mg in 1996, while the average nicotine yields were 1.64 mg in 1969 and 0.72 mg in 1996.
Although the nicotine yields increased slightly during a few years after the market liberalization of 1985, the downward trend in nicotine yields resumed in 1989. Overall reductions were 58.0% in tar yields and 56.1% in nicotine yields during the 27 years between 1969 and 1996.
On the other hand, the average daily consumption in Japan has continuously increased over the study period (Fig. 2 ). In 1968, male smokers smoked 19.7 pieces a day on average, while female smokers consumed 13.2 cigarettes per day. In 1996, the former smoked 24.3, and the latter 17.4 cigarettes per day. The nicotine yields and the average numbers of cigarettes consumed have significant negative correlations both for male smokers and for female smokers: Pearson's correlation coefficients were -0.90 for males (p<0.001) and -0.85 for females (p<0.001). Linear regression models also show that the decrease in nicotine yields tends to increase the consumption levels for both sexes, controlling for real cigarette prices (Table. 1 Looking more closely at the trends of nicotine yields over time, one notices that liberalization of Japan's cigarette market in 1985 caused a pause in the downward trend. As the sales of American-type cigarettes, which tended to have higher nicotine yields than the conventional Japanese products, grew, the sales-weighted average nicotine yields also increased. At the same time, the JPMC/JT maintained certain levels of nicotine yields to keep their cigarette sales 27,28). Some even argue that manufacturers artificially increased the nicotine content to gain or maintain the market shares of their products 29). As a consequence, the nicotine yields remained fairly stable within a nar- row range between 0.95 and 1.05 mg/piece in the 1980s. When the ultra-low cigarettes (1 mg tar and 0.1 mg nicotine) were introduced in the late 1980s, their market share rapidly increased, amounting to four to five percent by 1993 30). We can infer that the ultra-low cigarettes contributed to the reversal of the upward trend of nicotine yields which began in 1990. Both in the UK and in the US, the sales-weighted average nicotine yields have been declining since the 1950s. Nicotine yields in 1968 were 2.08 mg in the UK and 1.35 mg in the US, while they were 1.27 mg and 0.94 mg respectively in 1987 31-33). They declined further to 0.85 mg in the UK and 0.90 mg in the US in 1995 34,35) . In these countries, the steepest declines took place with the introduction of filter tips in the late 1950s. Almost simultaneously, tobacco manufacturers introduced reconstituted tobacco products and then adopted porous papers for cigarettes. Expanded tobacco was introduced in the late 1960s, as was ventilation around 1970. These technological changes in cigarette design further contributed to the reduction of nicotine yields 36). During the 1980s, the sales-weighted average nicotine yield leveled off: Between 1981 and 1989, the average nicotine delivery of US cigarettes remained stable at 0.9 mg per cigarettes and the average nicotine yields of UK cigarettes at somewhat above that level 37,38). Then, ultra-low products with new air vent designs, whose ventilation percentage varies inversely with nicotine yield, were introduced 39).
The decline in nicotine yields and the changes in cigarette design reported in these countries appear comparable to those observed in Japan.
It is reported that each smoker maintains his/her nicotine intake within narrow limits of his/her own, although the range varies greatly across individuals 40,41). Smokers are likely to adopt various compensation methods for the decreased nicotine yields. When switching to cigarettes with lower nicotine content, they may increase their nicotine intake by increasing their consumption 42,43), changing their smoking patterns, such as puff volumes, duration and intervals 44-47), and by blocking air vents 48). Consequently, the physiological intake of nicotine is, at most, weakly correlated with the nominal yields 40,49-51), and is more reflective of the consumption levels 43,52,53). The extent of overall compensation remains controversial, from reports of incomplete compensation 54-57) to those which found more complete compensation 58-60). As was their original intent, yields simply indicate the relative yields of the various brands according to a convention of analytical standards 61). The clinical implications of the yield reduction observed in this study are not necessarily obvious.
Although compensation by an increase in consumption was not always observed 50, 55, 58, 62), such negative results could be explained by the taste changes involved in experimental brand switching, as well as by the adoption of alternative compensation methods. Smokers might not usually get accustomed to new (switched) brands in a short term and therefore do not increase their consumption. Furthermore, experiments cannot be the same as actual circumstances: While all smokers are forced to change their brands in experiments, under natural conditions, the switch to lower yield cigarettes might be maintained only by those who managed to compensate fully. Therefore, observation of cigarette brand changes and their effects on consumption over longer periods would provide more realistic pictures of brand switching, since smokers would be allowed sufficient time to accommodate to differences in sensory properties and to reestablish their smoking methods.
The present study shows that average nicotine yields and daily consumption have a significant negative correlation. Price changes can affect smoking prevalence and levels of consumption 63). However, the results of regression analysis indicate that the negative correlation between nicotine yields and consumption holds true, controlling for cigarette prices .
Smokers have inferably increased consumption to compensate for the decreased nicotine yields of their cigarettes . While Garfinkel 64) reported no significant increase in consumption despite decreasing nicotine levels in the UK , his study analyzed only 13 years between 1959 and 1972 . Moreover, the introduction and popularity of low and ultra-low yield cigarettes took place thereafter. The possibility has been suggested that smokers who maintain their nicotine intake at relatively lower levels are likely to choose lower yield products 57). It has also been reported that while switching from high or middle TN products to low yield products does not affect the physical nicotine intake, switching to ultra-low brands produces a significant decrease 65, 66) . This suggests that declining average nicotine yields and the recent popularity of ultra-low cigarettes could result in a decrease in nicotine intake among smokers, but this remains to be confirmed 67,68).
Changes in Tar Yields and its Intake
This study found that the sales-weighted average tar yields have also continuously decreased in Japan. Over the same period, the UK and US markets observed a similar decline in the average tar yields of their cigarettes. In 1968, average tar yields were 23.9 mg in the UK and 21.6 mg in the US, and only 12.1 mg and 11.0 mg respectively in 1994 32,33,35,69). These reductions can be attributed to the changes in consumer preference and in cigarette design, as was discussed above in the section on changes in nicotine yields. In Japan, in response to the emerging nonsmokers' rights movement in the late 1970s, the JPMC planned to decrease tar yields, while maintaining certain levels of nicotine 28). Accordingly, the JPMC, and later the JT, marketed many products with lower tar yields. In the 1990s, a decade later, most of the newly marketed products have tar yields less than 6 mg, and their market share has rapidly increased: from 0.6% in 1984 to 26.4% in 1993 70,71).
It should be noted that the decrease in nominal tar yields does not necessarily mean the reduction of physical tar intake by smokers. The tar yield, as is the case with nicotine, does not closely coincide with the level of its physical metabolites, which presumably represent its actual intake into the human body. When smokers regulate their nicotine intakes (which themselves vary greatly), their tar intakes could be affected by the tar-to-nicotine ratios of their cigarettes. Here the ratios are not always constant: When smokers change their smoking patterns, such as puff intervals, the ratios of tar intake to nicotine intake change, even when their yields remain constant 56,72). Various estimation methods for tar intake have been developed, based on the relationship among the intake of different substances: They employ the yields or intakes of nicotine, tar to nicotine ratios and/or carbon monoxide as the adjustment factors 50.55 56, 73). However, information on most of these variables, including the sales-weighted averages of the ratios of tar yields to nicotine yields, is not readily available in Japan, nor in many other countries.
According to a cross-sectional study on the US cigarette market, high tar cigarettes tend to have higher tar to nicotine ratios 74). This suggests that increased market share of low tar products can result in lower average tar to nicotine ratios, and therefore, smokers are likely to intake less tar even when compensating for reduced nicotine yields. However, this is just a speculation, which is yet to be confirmed.
Considerations of Possible Confounders
It is important to consider the effects of confounders in interpreting the results, although they are not controllable due to limitations of data availability and the design of this study. In the first place, the sales-weighted TN yields are not tabulated by age and gender, while the average daily consumption is not tabulated by age. The sales-weighted average yields are the averages of the yields of each cigarette brand weighted by its market share. Since each market share is based on the wholesale volume, it cannot be sorted by age or gender. In Japan, smoking prevalence among males has remained considerably higher (about four to seven fold) than the prevalence among females 3). Average daily consumption among the former is also greater than among the latter. Further, male smokers are more likely to prefer high tar/nicotine brands 75). Considering these facts, the actual average TN yields would be higher for males and lower for females than the averages for both genders used in this study.
No data are available in regard to the TN levels for different age groups. It can be inferred that older smokers are more likely to choose high tar/nicotine brands like those which they established their smoking habits in their youths, although recently they have tended to switch their brands to lower TN products 70). On the other hand, a series of new products with middle to low TN yields has been introduced to the market, targeting younger generations 75). These new products may affect the relationship between the age groups and their brand preferences, but their full consequences remain unknown. Similarly, consumption data tabulated by age are not available. Sporadic surveys in recent years have disclosed that the average daily consumption of cigarettes is highest in the forties both among males and females 76). The average consumption data, as well as the sales-weighted cigarette yield data, reflect therefore those of this generation more than those of the others: smokers under forty years old or over fifty are likely to smoke less than the consumption data average for them all. Because of this difference in consumption across age groups, a change in the population structure of smokers could result in a modification of the overall consumption average for all age groups.
Other confounding variables may include the levels of various marketing activities, such as product development and promotion. Market segmentation, for example, has become more subtle to accompany enhanced product differentiation, just as market competition became more fierce after liberalization 77). Also, changing norms that become more accepting toward smoking by females could affect smoking in that segment of the population 78). 
